Proton linkage of complex formation between cytochrome c and cytochrome b5: electrostatic consequences of protein-protein interactions.
Two potentiometric methods have been used to study the pH-dependent changes in proton binding that accompany complex formation between cytochrome c and cytochrome b5. With one method, the number of protons bound or released upon addition of one cytochrome to the other has been measured as a function of pH. The results from these studies are correlated with the complexation-induced difference titration curve calculated from the titration curves of the preformed complex and of the individual proteins. Both methods demonstrate that complex formation at acid pH is accompanied by proton release, that complex formation at basic pH is accompanied by proton uptake, and that the change in proton binding at neutral pH, where stability of complex formation is maximal, is relatively small. Under all conditions studied, the stoichiometry of cytochrome c-cytochrome b5 complex formation is 1:1 with no evidence of higher order complex formation. Although the dependence of complex formation on pH for interaction between different species of cytochrome c and cytochrome b5 are qualitatively similar, they are quantitatively different. In particular, complex formation between yeast iso-1-cytochrome c and lipase-solubilized bovine cytochrome b5 occurs with a stability constant that is 10-fold greater than observed for the other two pairs of proteins under all conditions studied. Interaction between these two proteins is also significantly less dependent on ionic strength than observed for complexes formed by horse heart cytochrome c with either form of cytochrome b5.(ABSTRACT TRUNCATED AT 250 WORDS)